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MICROFLUIDIC INJECTION AND
MANIFOLD ASSEMBLY

CROSS REFERENCES TO RELATED
APPLICATIONS

This patent application claims the benefit of and/or pri-
ority from U.S. Provisional Patent Application No. 62/827,
263, filed on Apr. 1, 2019, the entire contents of which are
incorporated herein by reference.

TECHNICAL FIELD

This document relates to microfluidics. More specifically,
this document relates to microfluidic 1njection and manifold
assemblies, and related kits and methods.

SUMMARY

The following summary 1s intended to introduce the
reader to various aspects of the detailed description, but not
to define or delimit any invention.

Microfluidic mjection and manifold assemblies are dis-
closed. According to some aspects, a microfluidic 1njection
and manifold assembly 1includes a microflmidic chip having
at least a first fluid port and a second fluid port, and a fluid
pathway between the first fluid port and the second fluid
port. The assembly further includes a manifold having a seat
on which the microfluidic chip 1s received, and at least a first
fluid channel. The first fluid channel has an external fluid
port spaced from the seat and an internal fluid port 1n the seat
and connected in fluid communication with the first fluid
port of the microfluidic chip. At least a first injector 1s
secured to the manifold and has a plunger and a drive
assembly. The drive assembly 1s activatable to force the
plunger mto the external tluid port of the manifold to force
fluid from the first fluid channel of the mamifold into the fluid
pathway of the microfluidic chip.

In some examples, the manifold further includes a second
fluid channel. The second fluid channel can have a second
external tluid port spaced from the seat and a second internal
fluid port 1n the seat and connectable 1n fluid communication
with the second fluid port of the microfluidic chip. The
assembly can further include a second 1njector secured to the
manifold and having a second plunger and a second drive
assembly. The second plunger can be received 1n the second
fluid channel and the second drive assembly can be activat-
able to retract the second plunger from the second fluid
channel as the fluid 1s forced through the fluid pathway.

In some examples, the manifold has a first mounting face
defining the external fluid port, and the first injector has an
injector mounting face that abuts the first mounting face. In
some examples, the manifold has at least a first screw hole
extending mwardly from the first mounting face, and the
injector 1s screwed to the manifold via the first screw-hole.

In some examples, the assembly further includes a cover
mounted to the manifold over the microfluidic chip for
retaining the microfluidic chip on the seat.

In some examples, the manifold further includes at least
a first pressure measurement port i fluid communication
with the first fluid channel. The assembly can further include
a flow-through pressure sensor 1n fluid communication with
the first pressure measurement port for measuring pressure
in the first fluid channel, and a valve for selectively pre-
venting or permitting tluid flow through the pressure sensor.

In some examples, the manifold further includes an inter-

nal valve within the first fluid channel. The first pressure
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measurement port can be connected to the first fluid channel
between the first internal valve and the external fluid port.

Kits of parts for a microfluidic 1njection and manifold
assembly are also disclosed. According to some aspects, a
kit of parts for a microfluidic injection and manifold assem-
bly includes a manifold having a seat for a microfluidic chip,
and at least a first fluid channel. The first fluid channel has
an external fluid port spaced from the seat and an internal
fluid port 1n the seat. At least a first injector 1s securable to
the manifold and has a plunger and a drive assembly. The
drive assembly 1s activatable to force the plunger into the
external fluid port of the manifold to force fluid from the first
fluid channel of the manifold.

In some examples, the manifold further includes a second
fluid channel. The second fluid channel can have a second
external tluid port spaced from the seat and a second internal
fluid port in the seat. The assembly can further include a
second 1njector securable to the manifold and having a
second plunger and a second drive assembly. The second
plunger can be recetvable 1n the second fluid channel and the
second drive assembly can be activatable to retract the
second plunger from the second fluid channel.

In some examples, the manifold has a first mounting face
defining the external fluid port, and the first injector has an
injector mounting face for abutting the first mounting face.
The manifold can have at least a first screw hole extending
inwardly from the first mounting face, and the injector can
be securable to the manifold via the first screw-hole.

In some examples, the manifold further includes at least
a first pressure measurement port i fluid communication
with the first fluid channel. The kit of parts can further
include a flow-through pressure sensor connectable 1n fluid
communication with the first pressure measurement port for
measuring pressure in the first fluid channel, and a valve
connectable to selectively prevent or permit fluid tlow
through the pressure sensor.

In some examples, the kit of parts further includes an
internal valve positionable within the first fluid channel. The
first pressure measurement port can be connected to the first
fluid channel between the first internal valve and the external
fluad port.

Methods for operating a microfluidic injection and mani-
fold assembly are also disclosed. According to some aspects,
a method for operating a microfluidic 1njection and manifold
assembly includes a. forcing a plunger mnto a manifold to
force fluid from a fluid channel of the manifold into and
through a fluid pathway of a microfluidic chip received by
the manifold.

In some examples, the method further includes, prior to
step a., securing an 1njector to the manifold. The injector can
include a drive assembly and the plunger. Step a. can include
actuating the drive assembly to force the plunger into the
fluid channel of the manifold.

In some examples, the method further includes, concur-
rently with step a., retracting another plunger from another
fluid channel of the manifold, to force fluid from the fluid
pathway of the microfluidic chip mto the other fluid channel.

In some examples, the method turther includes flowing
fluid 1nto the fluid channel via a pressure sensor and pressure
measurement port in the manaifold.

In some examples, step a. includes forcing the fluid
through a valve in the fluid channel.

In some examples, the method further includes, during
step a., viewing the microfluidic chip using an optical
imaging system.

Manifolds for a microfluidic chip are also disclosed.
According to some aspects, a manifold for a microfluidic
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chip includes a block having a seat for a microflmdic chip
and a set of mounting faces. A set of fluid channels extends
through the block. Each fluid channel has an external fluid
port 1n a respective one of the mounting faces, and an
internal tluid port in the seat. The block includes a set of
pressure measurement ports. Each pressure measurement

port 1s 1 fluid communication with a respective one of the
fluid channels.

In some examples, the mamifold further includes a set of
valves. Each valve can be positioned 1n a respective one of
the fluid channels, between the pressure measurement port
and the internal fluid port.

In some examples, the mounting faces are spaced apart
and angled away from each other.

BRIEF DESCRIPTION OF THE DRAWINGS

The drawings included herewith are for illustrating vari-
ous examples of articles, methods, and apparatuses of the
present specification and are not intended to limit the scope
of what 1s taught 1n any way. In the drawings:

FIG. 1 1s a perspective view of an example microfluidic
chip;

FIG. 2 1s a perspective view of an example microfluidic
injection and manifold assembly, with a cover of the assem-
bly shown removed from the manifold;

FIG. 3 1s a perspective view of the manifold of the
assembly of FIG. 2, with various fluid ports and fluid
channels shown 1n dotted line;

FIG. 4 1s a top view of the manifold of FIG. 3, with
various fluid ports and tfluid channels shown 1n dotted line;

FIG. 5 1s a side view of the manifold of FIG. 3, with
various fluid ports and fluid channels shown 1n dotted line;

FIG. 6 1s a bottom view of the manifold of FIG. 3;

FIG. 7 1s a cross-section taken along line 7-7 1in FIG. 6;

FIG. 8 15 a perspective view of one of the mjectors of the
assembly of FIG. 2;

FIG. 9 1s an exploded view of the injector of FIG. 8;

FIG. 10 1s a schematic drawing showing an example of
the operation of the assembly of FIG. 2; and

FIG. 11 1s a top schematic view of another example
manifold, also showing the plungers of the 1njectors;

DETAILED DESCRIPTION

Various apparatuses or processes will be described below
to provide an example of an embodiment of the claimed
subject matter. No embodiment described below limits any
claim and any claim may cover processes or apparatuses that
differ from those described below. The claims are not limited
to apparatuses or processes having all of the features of any
one apparatus or process described below or to features
common to multiple or all of the apparatuses described
below. It 1s possible that an apparatus or process described
below 1s not an embodiment of any exclusive right granted
by this document. Any subject matter described below and
for which an exclusive right 1s not granted by this document
may be the subject matter of another protective instrument,
for example, a continuing patent application, and the appli-
cants, inventors or owners do not intend to abandon, dis-
claim or dedicate to the public any such subject matter by 1ts
disclosure 1n this document.

Generally disclosed herein 1s a microfluidic 1injection and
manifold assembly, and related kats, parts, and methods. The
assembly can include a manifold for holding a microfluidic
chip and for directing fluid 1nto and out of the microfluidic
chip. The assembly can further include one or more 1njectors
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(which can in some examples be referred to as “pumps™),
which can inject fluid into the manifold and through the
microtluidic chip or withdraw fluid from the manifold and
the microfluidic chip. The injectors can be mounted directly
to the manifold—that 1s, the assembly does not necessarily
require tubing or other conduits between the mjectors and
the manifold. For example, the 1injectors can each include a
plunger, which can be plunged directly into a fluid channel
(otherwise referred to as a fluid chamber) of the manifold, to
force tluid through the mamifold and into and through the
microtluidic chip. This can allow for ease of use (e.g.
because cleaning of tubing may not be required), as well as
for a relatively compact assembly.

The assembly can be used 1n various types of microfiuidic
processes and with various types of microfluidic chips, but
may be particularly useful in microfluidic research involving
the modelling of subterranean formations (e.g. oil-bearing
shale formations).

The assembly can optionally be operated at high pressures
(e.g. pressures of 320 bar or higher).

Various microtluidic chips can be used 1n the assemblies
described herein, and for simplicity, microfluidic chips are
not described in detail herein. Briefly, referring to FIG. 1, an
example microtluidic chip 10 1s shown that includes a set of
fluid ports (1.e. a first fluid port 12a, a second tluid port 125,
a third fluid port 12¢, and a fourth tfluid port 124), and a fluid
pathway 14 (shown 1n dotted line) i fluid communication
with and extending between the fluid ports 12a-12d4. The
fluid pathway 14 can optionally model a subterranean o1l or
shale bearing formation. Fluid can enter and/or exit the
microtluidic chip 10 via the flmd ports 12a-12d, and flow
through the microfluidic chip 10 via the fluid pathway 14. In
alternative examples, the microflmdic chip can include
another number of fluid ports (e.g. two fluid ports).

Referring now to FIG. 2, an example of a microfluidic
injection and manifold assembly 100 i1s shown. In the
example shown, the assembly 100 includes a manifold 102
(shown in greater detail 1n FIGS. 3 to 7), and four injectors
(namely a first injector 104a, a second 1njector 1045, a third
injector 104¢, and a fourth injector 1044d). The assembly
turther includes a cover 106, four pressure sensors (namely
a {irst pressure sensor 108a, a second pressure sensor 1085,
a third pressure sensor 108c¢, and a fourth pressure sensor
1084), and various other optional accessories.

Referring now to FIGS. 3 to 7, the manifold 102 1s shown
in greater detail. In the example shown, the manifold 102 1s
a solid metal block (e.g. a block of aluminum, titanium, or
steel). In alternative examples, the manifold can be made
from another material. The manifold has an outward facing
surface 110, which has a seat 112 for receiving microfluidic
chip (e.g. microtluidic chip 10). In the example shown, the
seat 112 1s defined by a recess 1n the outward facing surface
110, in which the microfluidic chip 10 can be nested. In
alternative examples, the seat can be of another configura-
tion. For example, the seat can be a non-recessed portion of
the outward-facing surface, upon which the microfluidic
chip 10 can rest.

The cover 106 (shown 1n FIG. 1) can be mounted to the
manifold 102 over the seat 112, to retain the microfluidic
chip 10 on the seat 112. In the example shown, the mamiold
102 1ncludes screw ports 114 (only one of which 1s labelled
in the Figures) that can allow for the cover 106 to be screwed
to the mamifold 102. In the example shown, the manifold 102
provides for fluid flow to and from the fluid ports of the
microtluidic chip 10 (optionally at high pressure), while the
cover 106 allows for analytical access (e.g. optical access) to
the microfluidic chip 10.
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The cover can be of various alternative configurations,
and can mount to the manifold in various alternative ways,
including as described in international patent application
publication no. WO 2020/037398 (De Haas et al.).

Referring still to FIGS. 3 to 5, in the example shown, the
manifold 102 includes various fluid channels (shown in
dotted line 1n FIGS. 3 to 3) for routing fluids to and from the
microtluidic chip 10, and which can be connected 1n fluid
communication with the fluid ports of the microfluidic chip
10. Specifically, the manifold 102 includes four fluid chan-
nels (namely a first fluid channel 1164, a second fluid
channel 11654, a third fluid channel 116¢, and a fourth fluid
channel 116d) that extend through the manifold, each of
which can be connected to a respective tluid port (12a-12d)
of the microfluidic chip 10 to supply fluid to the microfluidic
chip 10 or direct fluid out of the microfluidic chip 10.

In the example shown, the flmd channels 116a-1164
include bores that are machined into the manifold. In alter-
native examples, the fluid channels can be formed 1n sepa-
rate pieces of material, which are then secured to the body
of the manifold.

The first fluid channel 116a will now be described in
greater detail. The second 1165, third 116¢, and fourth 1164
fluid channels are similar to the first fluid channel 1164, and
will not be described 1n detail. In this document, the features
of the first fluid channel 116a may be referred to with the
prefix “first”. Similar features of the second, third, and
fourth tfluid channels may be referred to with the same
nomenclature, but with the prefixes second, third, and
tourth, respectively. Furthermore, the reference numerals for
the features of the first fluid channel may be appended with
the sutlix ‘a’. Stmilar features of the second through fourth
fluid channels may be referred to with the same reference
numerals, but appended with the suflixes ‘b’, °¢’, and ‘d’,
respectively.

Referring to FIGS. 3 to 5, the first fluid channel 1164 has
a pair of fluid ports, including an external fluid port 118a that
1s spaced from the seat for connection to the first injector
104a, and an internal fluid port 120aq in the seat 112 for
connection to one of the flmd ports 12a-12d of the micro-
fluidic chip 10. The internal fluid port 120a can be sur-
rounded by an o-ring (not shown) that i1s positioned in the
seat 112. In use, the microfluidic chip 10 can bear against the
o-ring to form a sealed connection between the internal fluid
port 120a of the manifold and the fluid port 12a of the
microtluidic chip 10.

Referring still to FIGS. 3 to 5, in the example shown, the
manifold 102 includes a first mounting face 122a, and the
external fluid port 118a 1s defined in the first mounting face
122a. The first fluid channel 116a includes a horizontal
section 1194 that extends inwardly and linearly from the first
mounting face 122q, and a vertical section 121a (shown
most clearly in FIG. 5) that extends upwardly from the
horizontal section 119a towards the seat 112 and ends at
internal fluid port 120a (the terms ‘horizontal” and “vertical’
are used for simplicity, with reference to the orientation of
the assembly 100 shown 1n FIG. 2; however, the assembly
100 1s not limited to use 1n this ornientation). In use, the first
mounting face 122a can abut and be secured to the first
injector 104a, so that the first injector 104a can access the
external fluid port 118a. In the example shown, the first
mounting face mncludes a pair of screw-holes 124a, 126a,
and the injector 104a can be screwed to the first mounting
face 122a via the screw holes 1244, 126a.

In the example shown, the manifold 102 further includes
second 1225, third 122¢, and fourth 1224 mounting faces,

which are of a similar configuration to the first mounting,
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face 122a (and which for simplicity are not described 1n
detail). In the example shown, the first 122a, second 1225,
third 122¢, and fourth 1224 mounting faces are spaced apart
from each other and angled away from each other, to allow
for space for the imjectors 104a-104d to be mounted to the
mounting faces 122a-1224d.

In alternative examples, the manifold can include another
number of fluid channels (i.e. at least one fluid channel).

In the example shown, the manifold 102 further includes
a set of pressure measurement ports (also referred to herein
as a first pressure measurement 128a, a second pressure
measurement port 1285, a third pressure measurement port
128¢, and a fourth pressure measurement port 128d4). The
pressure measurement ports 128a-128d are 1n fluid commu-
nication with the fluid channels 116a-1164, respectively, via
pressure measurement channels 131a-1314 1n the manmifold
102 that extend between the pressure measurement ports
128a-128d4 and the fluid channels 116a-116d, respectively.
Pressure sensors 108a-d (shown 1n FIG. 2) may be mounted
to the pressure measurement ports, to monitor the pressure
of the fluid entering and exiting the microfluidic chip 10. In
the example shown, the pressure sensors 108a-d are tlow-
through pressure sensors. As will be described below, the
pressure measurement ports can also be used to mject fluid
into the mamfold, via the pressure sensors 108a-d and via
valves associated with the pressure measurement ports (1.€.
a first valve 1364, a second valve 1364, a third valve 136c¢,
and a fourth valve 136d, shown 1in FIG. 10, which can
collectively be referred to as a first set of valves).

Referring to FIGS. 6 and 7, in the example shown, the
manifold 102 turther includes a space 129 below the seat 112
for recerving a heating or cooling apparatus (not shown), for
controlling the temperature of the microfluidic chip 10. The
heating or cooling apparatus can be, for example, a water
block, a resistive heater (e.g. a cartridge heater, band heater,
and/or a silicone pad/mat heater), and/or a Peltier heater/
cooler. In alternative examples, the manifold can include one
or more additional heating or cooling apparatuses. Further-
more, the assembly can optionally include a temperature
sensor (not shown) for measuring the temperature of the
mamifold and/or the chip 10. The temperature sensor can be,
for example, a thermocouple or a resistance temperature
detector.

Referring back to FIGS. 3 and 4 In the example shown,
the manifold 102 further includes mounting holes 130a,
130H6. Mounting holes 130a and 1305 can be used for
connecting the manifold 102 to an analytical system (e.g. a
microscope).

The first injector 104a will now be described 1n detail. In
this document, features of the first 104a 1njector may be
referred to with the prefix “first”, and reference numerals for
such features may include the suflix “a”. The remaining
injectors 1406-1044 are similar to the first injector 104a, and
are therefore not described 1n detail. However, features of
the second 1045, third 104¢, and fourth 1044 injectors may
referred to with the same nomenclature as the features of the
first 1njector 104a, but with the prefixes “second”, third”,
and “fourth”, respectively. In addition, reference numerals
for the features of the second 10454, third 104¢, and fourth
1044 injectors may be the same as the reference numerals for
the features of the first imjector 104a, but may include the
suflixes “b”, “c”, and “d”, respectively.

Referring now to FIGS. 8 and 9, 1n the example shown,
the first injector 104a includes a first drive assembly 132a,
and a first plunger 134a. The first drive assembly 132a 1s
activatable to force the first plunger 134a outwardly from
the first injector 104a, or to retract the first plunger 134a
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inwardly towards the first injector 104a. The first plunger
134a 1s shown 1n a retracted configuration in FIG. 8. The
distal end of the first plunger 134a can include a seal (not
shown), for sealing against the fluid channels of the mani-
fold 102 1n use (as will be described below).

The first drive assembly 132a can be of any suitable
configuration that can force the first plunger 134a outwardly
and/or mwardly. In the example shown, the first drive
assembly 132a 1s motorized, and can be controlled by a
computer to move the first plunger 134a 1 a controlled
fashion, to force controlled amounts of fluid through the
microtluidic chip 10. In alternative examples, the drive
assembly can manually operated and controlled.

An example of the operation of the assembly 100 will be
described below with reference to FIG. 10. For simplicity,
only the plungers 134a-134d of the injectors 104a-104 are
shown 1n FIG. 10 (1.e. the drive assemblies 132-1325) are not
shown). At the start of the process (1.e. at step 1 1n FIG. 10),
the assembly 100 can be configured as shown 1n FIG. 2, with
the first 104a, second 1045, third 104¢, and fourth 104d
injectors positioned against and secured to the first 122a,
second 1225, third 122¢, and fourth 1224 mounting faces,
respectively, of the manifold 102. When the 1injectors 104a-d
and the manifold 102 are secured together, each plunger
134a-d 1s aligned with a flow channel of the manifold (i.e.
the first plunger 134a of the first injector 104a 1s aligned
with the horizontal section of the first fluid channel 1164, the
second plunger 1345 of the second mjector 1045 1s aligned
with the horizontal section of the second fluid channel 11654,
and so on). Furthermore, at the start of the process, the
microtluidic chip 10 can be received on the seat 112 (not
shown 1n FIG. 10) so that the fluid ports 12a-12d are 1n fluid
communication with the fluid channels 116a-116d, respec-
tively. The cover 106 (not shown 1n FIG. 10) can be secured
over the chip 10.

Referring now to FI1G. 10, at the start of the process (step
1), each plunger 134a-134d can be 1n the outward configu-
ration, so that the first plunger 134a i1s received in the
horizontal section 119a of the first fluid channel 116a (not
visible mm FIG. 10, step 1), the second plunger 1045 1s
received 1n the horizontal section of the second tluid channel
1165 (not visible 1n FIG. 10, step 1), and so on. At step 2,
the first fluid channel 116a can be filled, for example with
brine. This can be done by opening the first valve 1364 and
injecting the brine into the manifold 102 via the first pressure
measurement port 128a, while retracting the first plunger
134a. At step 3, the chip 10 can be filled with brine, by
opening the third valve 136¢ and closing the first valve 1364,
and forcing the first plunger 134q outwardly and 1nto the first
fluid channel 116a. At step 4, all valves can be closed, and
the chip 10 can be aged. At step 5, the first pressure
measurement port 128a can be purged, by opening the first
valve 136a and applying a vacuum to the first pressure
measurement port. At step 6, the first fluid channel 1164 can
be filled with o1l (e.g. o1l from a formation to be modelled),
by opening the first valve 136a and injecting the o1l into the
manifold 102 via the first pressure measurement port 128a,
while retracting the first plunger 134a. At step 7, the second
fluid channel 1165 can be filled with a test fluid (e.g. a
surfactant) by closing the first valve 136a and openming the
second valve 136b, and injecting the test fluid into the
manifold 102 via the second pressure measurement port
1286 and retracting the second plunger 134b. At step 8, the
chuip 10 can be filled with o1l by closing all valves, and
torcing the first plunger 134q into the horizontal section of
the first fluid channel 116a while retracting the fourth
plunger 134d. At step 9, the surfactant can be added to the
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chip 10, by closing all valves, and forcing the second
plunger 1345 mto the horizontal section of the second fluid
channel 1165 while further retracting the fourth plunger
1344d. Finally, at step 10, the chip 10 and fourth tluid channel
116d can be emptied, by opening the fourth valve 1364 and
forcing the fourth plunger 1344 into the horizontal section of
the fourth fluid channel 1164. During the above steps, the
chip 10 can be viewed (e.g. with an optical imaging system),
to collect data regarding the flow of the various fluids
through the chip 10.

Referring now to FIG. 11, another mamifold 202 1s sche-
matically shown. The manifold 202 1s similar to the mani-
fold 102, and features of the manifold 202 that are similar
features to the features of the manifold 102 will be referred
to with similar reference numerals, incremented by 100. The
manifold 202 can be used with the same 1njectors 104a-1044
described above. For simplicity, only the plungers 134a-
1344 of the injectors 104a-1044 are shown in FIG. 11.

In the example shown, the manifold 202 includes a second
set of valves, which are internal to the manifold 202. The
second set of valves includes a first internal valve 238a 1n
the first fluid channel (not shown), a second internal valve
238b 1n the second fluid channel (not shown), a third internal
valve 238¢ 1n the third fluid channel (not shown), and a
fourth internal valve 2384 in the fourth fluid channel (not
shown). The first internal valve 238a 1s positioned adjacent
the internal fluid port 220a of the first fluid channel, between
the internal fluid port 220a and the external fluid port 218a.
The first pressure measurement port 228a connects to the
first fluid channel between the first internal valve 238a and
the external fluid port 218a.

An example of the operation of the manifold 202 will now
be briefly described. In use, the first and second fluid
channels can be filled as described above (e.g. with brine or
surfactant or o1l), via the {first pressure measurement port
228a. The third valve 236¢ and the third internal valve 238¢
can then be opened, and a vacuum can be applied to the third
pressure measurement port 228c¢, to apply a vacuum to the
chup 10. The third valve 236¢ can then be closed. The first
238a and second 238b internal valves can then be opened,
and the first 234a and second 2345 plungers can be forced
outwardly from the 1njectors, to force the fluid in the first and
second fluid channels and into the microfluidic chip 10.

In the examples above, the plungers of the injectors are
forced outwardly from the injectors into the fluid channels of
the mamiold. In alternative examples, the plungers can
remain outboard of the fluid channels 1n use. For example,
cach 1njector can include a barrel for holding fluid, as well
as a plunger. The 1njectors can be mounted to the manifold,
so that each barrel 1s 1n sealed fluid communication with one
of the fluid channels. The plungers can be advanced through
the barrels, to force fluid from the barrels into the fluid
channels of the microfluidic chip 10.

In any of the above examples, the various parts of the
assembly (e.g. the manifold, injectors, and microfluidic
chip) can be sold or provided together or separately. Fur-
thermore, the various parts of the assembly can be sold or
provided 1n an assembled configuration, or as a kit of parts
to be assembled together.

While the above description provides examples of one or
more processes or apparatuses, 1t will be appreciated that
other processes or apparatuses may be within the scope of
the accompanying claims.

To the extent any amendments, characterizations, or other
assertions previously made (in this or 1n any related patent
applications or patents, including any parent, sibling, or
chuld) with respect to any art, prior or otherwise, could be
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construed as a disclaimer of any subject matter supported by
the present disclosure of this application, Applicant hereby
rescinds and retracts such disclaimer. Applicant also respect-
tully submits that any prior art previously considered 1in any
related patent applications or patents, including any parent,
sibling, or child, may need to be re-visited.

We claim:

1. A microfluidic 1njection and manifold assembly com-
prising:

a microtluidic chip having at least a first fluid port and a
second tluid port, and a fluid pathway between the first
fluid port and the second fluid port;

a manifold having a seat on which the microfluidic chip
1s recerved, at least a first fluid channel, wherein the
first fluid channel has an external fluid port spaced from
the seat and an internal fluid port in the seat and
connected 1n fluid communication with the first fluid
port of the microfluidic chip, and at least a first pressure
measurement port in fluid communication with the first
fluid channel;

at least a first injector secured to the manifold and having
a plunger and a drive assembly, wherein the drive
assembly 1s configured to force the plunger into the
external tluid port of the manifold to force fluid from
the first fluid channel of the manifold into the fluid
pathway of the microfluidic chip; and

a flow-through pressure sensor, in fluid communication
with the first pressure measurement port, and config-
ured for measuring pressure in the first fluid channel,
and a valve configured for selectively preventing or
permitting tluid flow through the pressure sensor.

2. The microfluidic injection and manifold assembly of

claim 1, wherein:

the manifold further comprises a second fluid channel,
wherein the second fluid channel has a second external
fluid port spaced from the seat and a second internal
fluid port 1n the seat and connectable 1n fluid commu-
nication with the second fluid port of the microfluidic
chip; and

the assembly further comprises a second 1njector secured
to the manifold and having a second plunger and a
second drive assembly, wherein the second plunger 1s
received 1n the second flmd channel and the second
drive assembly 1s configured to retract the second
plunger from the second fluid channel as the fluid 1s
forced through the fluid pathway.

3. The microfluidic injection and manifold assembly of
claam 1, wherein the manifold has a first mounting face
defining the external fluid port, and the first injector has an
injector mounting face that abuts the first mounting face.

4. The microfluidic injection and manifold assembly of
claim 3, wherein the manifold has at least a first screw hole
extending inwardly from the first mounting face, and the
injector 1s screwed to the manifold via the first screw-hole.

5. The microfluidic 1njection and manifold assembly of
claim 1, further comprising a cover mounted to the manifold
over the microfluidic chip for retaining the microfluidic chip
on the seat.

6. The microfluidic 1njection and manifold assembly of
claim 1, wherein the mamifold further comprises an internal
valve within the first fluid channel.

7. The microfluidic injection and manifold assembly of
claim 6, wherein first pressure measurement port 1s con-
nected to the first flmud channel between the first internal
valve and the external fluid port.

8. A kit of parts for a microfluidic mmjection and manifold
assembly comprising:
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a manifold having a seat for a microfluidic chip, at least
a first fluid channel, wherein the first fluid channel has
an external fluid port spaced from the seat and an
internal fluid port 1n the seat, and at least a first pressure
measurement port 1n fluid communication with the first
fluid channel;

at least a first 1njector secured to the manifold and having

a plunger and a drive assembly, wherein the drive
assembly 1s configured to force the plunger into the
external tluid port of the manifold to force fluid from
the first fluid channel of the manifold; and

a flow-through pressure sensor connectable 1 fluid com-

munication with the first pressure measurement port,
and configured for measuring pressure 1n the first fluid
channel, and a valve connected to the first measurement
port and configured to selectively prevent or permit
fluid tflow through the pressure sensor.

9. The kit of parts of claim 8, wherein:

the manifold turther comprises a second fluid channel,

wherein the second fluid channel has a second external
fluid port spaced from the seat and a second internal
fluid port 1n the seat; and

the assembly further comprises a second injector secured

to the manifold and having a second plunger and a
second drive assembly, wherein the second plunger 1s
receivable 1n the second fluid channel and the second
drive assembly 1s configured to retract the second
plunger from the second fluid channel.

10. The kit of parts of claim 8, wherein the manifold has
a first mounting face defining the external fluid port, and the
first 1njector has an injector mounting face for abutting the
first mounting face.

11. The kat of parts of claim 10, wherein the manifold has
at least a first screw hole extending inwardly from the first
mounting face, and the injector 1s securable to the manifold
via the first screw-hole.

12. The kit of parts of claim 9, further comprising an
internal valve positionable within the first fluid channel.

13. The kit of parts of claim 12, wherein first pressure
measurement port 1s connected to the first fluid channel
between the first internal valve and the external fluid port.

14. A method for operating a microtluidic injection and
mamifold assembly, comprising:

a. forcing a plunger mto a manifold to force fluid from a
fluid channel of the manifold into and through a fluid

pathway of a microflmdic chip received by the mani-

fold, wherein step a. comprises forcing the fluid
through a valve in the fluid channel;

b. flowing fluid into the fluid channel via a flow through
pressure sensor and a pressure measurement port in the
manifold; and

c. measuring pressure in the fluid channel using the flow
through pressure sensor, wheremn the flow through
pressure sensor 1s connected to the pressure measure-
ment port.

15. The method of claim 14, wherein:

the method turther comprises, prior to step a., securing an
injector to the manifold, wherein the injector comprises
a drive assembly and the plunger; and step a. comprises

actuating the drive assembly to force the plunger into
the fluid channel of the manifold.

16. The method of claim 14, further comprising, concur-

rently with step a., retracting another plunger from another
fluid channel of the manifold, to force fluid from the fluid

pathway of the microtluidic chip into the other fluid channel.
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17. The method of claim 14, further comprising, during
step a., viewing the microfluidic chip using an optical
imaging system.

12
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